While the consequences of a pandemic are difficult to predict and plan for, there\'s an underlying message about the COVID‐19 virus that should resonate with the engineers, chemists, and scientists who work with plastics, as well as with society at large: a key ingredient to overcoming the pandemic won\'t just be the ability to implement policy and practice; engineering, science, and innovation will play a role in controlling the virus, treating those who contract it, and assisting in the continuation of life in spite of it. And a significant factor in this process will be the versatility of plastics and plastics processes that serve as rapid enablers of critical medical designs and product developments.

Some plastics have been under attack in recent years by NGOs, environmental groups, and regulators, who maintain that such applications as single‐serve containers, retail bags, straws---believe it or not---and other staples of consumerism are contributors to ills ranging from general litter to ocean pollution.

But now, in the wake of the COVID‐19 pandemic, plastics are at a pivotal moment.

Instead of being part of the problem, they\'re part of the solution when it comes to healthcare devices and personal protection from the virus. Plastics are a fundamental part of the products we need to dig out of a global health crisis. Plastics feed 3D printers to quickly fabricate parts for ventilators, gloves, masks, goggles, and other protective gear that healthcare professionals rely on to transport, diagnose, and treat patients in this time of pandemic. And they have a long and well‐established history of performance and safety in medical devices, sterile packaging, and other vital healthcare needs. 3D printing is an important way to fabricate specialty parts for medical equipment. Protolabs printed these components, which were shipped to GM for ventilators the auto OEM was making.Courtesy of Protolabs
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The global plastics industry promotes a range of sustainability initiatives that are designed to improve the use, collection, recycling, and reuse of plastics goods. The Alliance to End Plastics Waste, for example, is an organization of manufacturers that has pledged to spend \$1.5 billion over five years to develop technology and infrastructure to substantially eliminate waste plastics.

As a result of this and other efforts, recycling technologies are emerging that will broaden the sustainability of more types of plastics than ever. Among these are styrenics. Cassie Bradley is the sustainability and circular economy commercial manager for INEOS Styrolution of Aurora, Ill., a styrenics producer. "Polystyrene was originally invented as a durable and sustainable alternative to traditional ... materials such as wood, glass, and metal," she explains. "It became very popular in the second half of the twentieth century due to the convenient and hygienic qualities of the material. ... These qualities are returning to the forefront amid the COVID‐19 pandemic. The ability of this material to provide clean and disposable products to \[healthcare workers\] allows them to stay focused on the important work they do instead of worrying about the hygiene of the tools they use to do it."

Dwight Morgan is the executive vice president of corporate development at M. Holland, Northbrook, Ill., an international distributor of thermoplastics. "The pandemic has shone a new light on the necessity and utility of plastics," says Morgan. "Society has been forced to take a second look at the importance of many single‐use applications, such as grocery bags and beverage cups, for their contribution to hygiene." Many coffee shops no longer allow refillable mugs due to fears of contamination, he notes. Many retailers are not allowing reusable bags for the same reason. "The hygienic and protective aspects of single‐use plastics have been overlooked in the sustainability conversation up to this point, but now must be reconsidered."

Shortages in testing and safety supplies for the pandemic demonstrate that plastics are essential to healthcare, and the rapid scaling of capacity highlights the efficiency of plastics manufacturing. One example is 3D printing. Since all that processors need is a CAD file rather than a mold to print a part, the technique is a nimble and cost‐efficient way to manufacture some parts during the crisis.

Part specifications and drawings for 3D printing are accessible by anyone, anywhere. By communicating with a network of 3D printers around the world, parts can be ordered, providing that shipment and delivery are supported. In the midst of the pandemic\'s strike in Italy, an Italian hospital seeking ventilator valves was unable to get them due to a haphazard supply chain caused by the crisis. A company in Milan came to the rescue, bringing a 3D printer to the hospital and fabricating valves on site. Distributor M. Holland\'s 3D printing lab. One benefit of the process is that it runs automatically and requires no workers to be in proximity to each other.Courtesy of M. Holland.

Further efforts were made worldwide, when a battle cry went out to processors with 3D printers. A public Google datasheet \[<https://docs.google.com/forms/d/e/1FAIpQLSdVfWaQi31l8VNUY6CVctJm5bElMmBKL7YG3mHY8ASvvcwrag/viewformSOW>\] was set up for printers to register and print anything from masks to parts.

Plastics are of course vital to the medical profession, says Chris DeArmitt, president of Phantom Plastics of Cincinnati, a plastics consultant. "It would be virtually impossible to treat patients effectively without plastics, from masks to ventilators to sterile syringes. In fact, if an anti‐plastics lobbyist were to insist on being treated \[for a serious illness\] entirely without plastics, that could very well be the last decision they ever make." Protective barriers developed by Chagall Design of Quebec. Many businesses are installing transparent polymer sheets to protect customers and employees from exposure to the virus.Courtesy of Chagall Design

Marta Guron is an assistant professor of chemistry at Villanova University in Pennsylvania. "In terms of keeping things clean and sanitized, polymers are easier to clean than other materials," she notes. "One of the benefits of plastics is that they tend to be relatively smooth and are engineered to be easy to clean. They are solid. As opposed to getting bacteria trapped in a soft texture, a \[rigid\] plastic is easier to sanitize. You see this in hospitals and healthcare facilities: there are no rugs or soft surfaces. I have a feeling that there is going to be a spike in \[plastics\] products that are easier to clean \[than alternative materials\]."

Guron adds that many common plastics are made from materials that resist cleaners like bleach and soap and water. "You aren\'t going to degrade the surface of those plastics by cleaning them as you would a piece of wood, for example, that can\'t handle getting bleached," she says. "Many anti‐virals and anti‐bacterials have a really corrosive effect that a lot of natural materials can\'t handle."

Morgan notes that plastics fabrication, and the speed in converting raw material to finished product, is a boon to producing parts and supplies in a timely manner to support critical‐care operations during the pandemic.

Nothing is as demonstrative of this point as 3D printing. "We are seeing companies band together to create necessary medical devices while being able to maintain social distancing, since 3D printing does not require that people work in close proximity." Such collective effort is a welcome role in building solutions that have multiple benefits for people performing different functions to combat the virus.
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Those companies manufacturing and processing plastics should be aware of the impact of plastics in an era of COVID‐19.

"In this pandemic, engineers, managers, and innovators need to know that their essential work is helping to create products that keep medical and other essential communities running and healthy," says Bradley. "The products they produce enable \[caregivers and others\] to protect themselves while helping people. ... Plastics are highly engineered materials that are always evolving. With plastics, the possibilities seem endless."

Morgan points out that with a global population of more than seven billion people and a growth rate of one billion people every 10 to 12 years, pandemics will be a constant risk in a more crowded world. "COVID‐19 is merely the black swan that is awakening us to this new reality," he says. "Expect it to drive much innovation by designers and engineers."

Morgan says materials engineers and scientists will continue to innovate with ways to infuse plastics with biocides and other agents to promote hygiene and combat germs. He notes that plastics are unique among materials in their friendliness to such modifications. Biocides fight germs and bacteria. Viruses require more complex solutions, but he expects that scientists are working to find those solutions.

"The virus is exposing weaknesses in our global healthcare infrastructure; expect big investments in healthcare facilities, including portable units that can be quickly mobilized to areas of need," predicts Morgan. "Because of their light weight and utility, plastics will be a key component of such innovations. In terms of safety and hygiene, the pandemic will force an examination of testing and safety gear with a goal of more efficient design and improved scalability. Additionally, improved hygiene will become a social norm, so expect new designs for containers and dispensers."

Guron of Villanova says our portfolio of resins serves us well. Despite the fact that the virus can remain alive on some types of plastics for up to 72 hours, plastics are beneficial. But it is necessary to consider a wider use of additives and other materials in plastics that are even more protective than current versions.

"The idea of having anti‐viral, antimicrobial materials in the plastics themselves exists, particularly in food service," she comments. "You can buy a cutting board with a special coating, or go to a public restroom that has a toilet handle with a coating that resists bacteria. The food service industry creates fillers that go into their products. They might put anti‐virals into plastics to help prevent the spread of common viruses; but until we know more about the spread of \[COVID‐19\], it will be hard to do."

She believes that in the future, after research and testing, developing materials to meet the challenges of a world pandemic may be a good idea, but she does not see that as a good short‐term goal. A chemical recycling process for styrenics developed by INEOS Styrolution converts waste polystyrene into material with virgin properties, a boon to medical and other applications.Courtesy of INEOS Styrolution

"It can be done but it\'s not a near‐term scenario," Guron says. "Not until we know more about it. Vaccines are intended to work inside your body with antibodies. Antimicrobial additives intended to kill bacteria that live on surfaces don\'t need to have quite as stringent qualifications for production. According to the FDA, materials that go into a human body have low levels of toxicity --- you\'re not going to drink the Lysol, so because it\'s not going directly into the body, the laws governing its safety aren\'t as stringent. This means that in terms of a timeline, we could see plastics additives being developed much sooner than a vaccine for coronavirus."
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Whether it\'s better additives, or different chemistry to leverage its properties, the totality of COVID‐19 gives rise to new possibilities for plastics and their use in solving problems both large and small in times of crisis.

"In the current environment, as we are reminded of the benefits plastics bring to society, we acknowledge the need to better manage that valuable material when it has fulfilled its purpose," says Bailey. "INEOS Styrolution is partnering with Agilyx \[of Tigard, Ore.\], to scale up innovative \[chemical\] recycling technology. This technology will allow us to recover the original ingredients of polystyrene and use them to create new polystyrene \[grades with virgin properties\] over and over again."

Reutilizing existing polymer components like molecules and monomers and repurposing them with innovation "will position us for a new way of life, a new tempo, a new path to smarter solutions," she adds. "We will emerge from the pandemic in a new normal, not unlike the new normal to which we had to adapt after 9/11 that created TSA checkpoints, scanning technology, and more." She expects the new normal to include greater use of specialty plastics in security checkpoint equipment aimed at detecting illnesses.

Guron says that it\'s premature to promote things we should be doing, because we don\'t know enough yet about the COVID‐19 virus and its effects. She believes there\'s reason to be cautious, as there is a tendency in marketing to overpromise and overstate what products can do. This is especially true in relation to healthcare.

Morgan concludes that people are aware that a pandemic could happen again. "We will likely see a severe economic dislocation for a while. People will be more cautious with spending and social interaction," he predicts. "It will revive the market for consumer brands, such as processed foods and staples, and shift packaging requirements from restaurant and institutional fare to at‐home goods, which is a change we are already seeing." Additionally, he expects a boost for e‐commerce over conventional retail stores, which will affect packaging design, manufacturing, and, of course, the use of plastics.

"Expect both growth and innovation to follow, with new and improved devices, all of which contain plastics."
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